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ACC
AMPK
BMI
CaM
CaMKK
CDK
DMSO
E2

ER
ERK
FBS
FDA
FFA
GPER
HBSS
HDL
HER2
HSL
IL-6
JNK
LPL
MAPK
MEK
MPA
mTORC
MPA
mPRs

Adenylate Cyclase

Acetyl-CoA Carboxylase

AMP-Activated Protein Kinase

Body Mass Index

Calmodulin

Ca?**/Calmodulin-Dependent Protein Kinase Kinase
Cyclin Dependent Kinase

Dimethyl Sulfoxide

17B -Estradiol

Estrogen Receptor

Extracellular Signal-Regulated Kinase

Fetal Bovine Serum

Food and Drug Administration

Free Fatty Acid

G Protein-Coupled Estrogen Receptor
Hanks' Balanced Salt Solution

High Density Lipoprotein

Human Epidermal Growth Factor Receptor 2
Hormone Sensitive Lipase

Interleukin-6

c-Jun N-Terminal Kinase

Lipoprotein Lipase

Mitogen-Activated Protein Kinase
Mitogen-Activated Protein Kinase Kinase
Medroxyprogesterone Acetate

Mechanistic Target of Rapamycin Complex
Medroxyprogesterone Acetate

Membrane Progesterone Receptors



PGRMC Progesterone Receptor Membrane Component

PI3K Phosphatidylinositol 3-Kinase

PKA Protein Kinase A

PPAR Peroxisome Proliferator-Activated Receptor
PR Progesterone Receptor

QOL Quality of Life

TG Triacylglycerol

TNF-a Tumor Necrosis Factor-a

TSC Tuberous Sclerosis Complex

VLDL Very Low Density Lipoprotein



A, B EOFEHEERITFE LMo —&Zill> Tk b, BHEZOREER I LR
BEOPTHE 1AL TH 2[1], Fao a+— MIEIC X Y, BAEICE T 2 FIEFHIEDHEK &
L T, (A% 45% (Body Mass Index: BMI) O34 72 b BAMMGICH 5 2 L BRI T 5 (2],
BB Ic BT 2L FROIFR L LCid, B#iRoERictE), Tr<vx —¥oRH
BICX 222X a7 vERKOHEIMK T 74 KH A4 + A4 v ON, JEEIHIER -0 (Tumor
Necrosis Factor-a : TNF-a) L 7'F v 7 & O W DN NI T 7 4 KA 7 F ¥ D5
Bin EDFUEFIERDOENNICE R > T T ERARBIN T 5[3-6], FUEMAOREE L
THLEVRBEERTHZ TR ey vZiE (Estrogen Receptor : ER) RN 7' w7 275w v
Z#4k (Progesterone Receptor : PR) D F8i, MBI I 77 L CHIIE D IEIE S ML %
iS5, REREF o 2P —wiEEE AT 5 e b EEGHIEHEER A 2 (Human
Epidermal Growth Factor Receptor 2 : HER2) 1Z53 2 EZ VD H A % D il R 15~
3z edMonTn3(7], o ktEofifE#ic s 2 EMHIROIERIICHE S =X b
vy AROEMIE, AFEOEMRET & LTHsh T3 (8],

JEMAL IR PHEOBE, REREZHEEEL OERML T 243, 72 & ZIFXIRIL T I
BFLTh, Ihav P 7 coR@#EMa, BB L 3 70 a — 22 REES ¢ 5
Wb w3 Warburg ZhR[9]IC X o TZ OREHEZIRDO AR 5. 7L 2 — 2| & A3 #
XY d%hoTwd, FABENTOI/Lra—2t LTOFERBIIRERLMAOT TR
> Tz 7zd, FEfliid o R LI IC LB 7 = 4 v F — IRl A E O fEfR 1< 18 I
WNOREMi OFIAARE L E 2 b b, X LICHEEFICHE VT RIEEEDE L WIgm»E
Do DB, ZDFERDO—> L LT, il 50 E s TNF-avf v &2 —u A
% -6 (Interleukin-6 : IL-6) 7z & D KFEVEY 4 F 71 4 Vi X 0 IR E O BHIIEIC BT 2
FNE VEZMEY —+ (Hormone Sensitive Lipase: : HSL) D&M F R A ER X 1, B &
T B HE D3 ETTHE R O R D K5 A U 72 RERTIE° 77 & v — L D iR~ D 53 ih 23 B
LI10, 2. 2o b ) A — & ) IR CORKHE Y K &% v 328 (Very Low Density
Lipoprotein : VLDL) A 2MEHET 2 2 & 23E 2 5N T3 [11] (Fig. 1), b biEiiiaic
K2 EE EONRE MM 2N 2 7= F G238 B X v, @G IUGE ARG © 2B 7 il
EHEL, ZNIC X o TEEICEERE B, — 77, g~ O R E O BRI 4 U
Do TR~ DA D LK OCEEH O (Quality of Life : QOL) DK T &1 5 T4



ARPGIER I NG, Thbb, ElltofEicEs T 2 IEERHO XY —E oI,
BROZWICIHERE SIE PP TFRICEW MO TEELEZbN D,

LA THEKRADIRERE#ICEWTY & v o2 H Y X—+ (Lipoprotein Lipase : LPL)
FHFRELASL DR T B 2 i, HEMAf. FUMR7Zx & Capith. MIATRRER I < 8 P B AE E
oW b osria I saey ROVLDLHE O Y 72 Y & v —(Triacylglycerol :
TG) ZMKGES 2 2 & T, B~ DNIEMEE R ) R &2 vo3 7B ofibfs 248 5 BE e 5E
R CTH Y. ABRORZ FEASREREEL 25 2 [12], 7 LPL O SAEN
FAPAAVICXOVIFIENZ L BAONE Z Eh 6, EHEL» O ORI A b H A v
DT X > TH LPL oiEtE i HIdl E v, )V R&x v o789 6 DO DK T2 2
I X 2 IRRGMIE D R O B T 234 U 2 [13], $72b b LPL oG HIEEH c BT 5
FHRIMAED — K & 72 > T3 [14], L2 L7 o, FEMALIC 3T LPLIXIEFICH AL - 70l
INTHY, LPL #E@ABHL T 2Bl H T 2 HEAO TRIEIARTH 5 T L 2RE X
nTw3[15-18] (Fig. 1), Z D7z  JEAE O R E R O N, LPL 028 % fEBH 3 5 < & 1%,
YVEETHLEEZLND,

LPL 13 % 0 A FGEBRRIC 50T, SEEHIERK T & LTt %o Y — LERIGEEZ Ak
(Peroxisome Proliferator-Activated Receptor : PPAR) % TNF-a7s ¥k 4 R F-A348 3 X
TWw3[13,19], L2>L. LPL 05 IC oW COREMIZR R 2 L 2% 0,

Z ORI TR, EERAER SEIMEIC B 0 BIRER X hCw 2 FUE O MfaRsE L L <
FEAHOREZ R 2 720, drE v ZEERGHEFAEMIE TS 2 < v ZFJE FM3A filid
ZH\W, LPL Okt Ic oWz o 72, bbb lEE LTI e 27 vy N
F2FE L TCTRuy VI X5 LPLmbicnt 3 2 BRI Ic oW, Fohfifan
VIOFMEERICEHL, TNEFRHLPIC Lz, ROTH 3 EE LCHIlEN Y 7' F M mE
FZOTRICHEEL, MEAMOHEZT> T3 942 Y vikFEWEF F —+ (Cyclin
Dependent Kinase : CDK) ICFH L., ZDHFAITH 550K 7 Y 7% Hvs CTHIALEHARS
R o8B & LPL 41t & o B G- NI fe B G 0 288l & T L 72,
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Figure 1. Plasma lipids and tumor growth.

FFA: Free Fatty Acid
LPL: Lipoprotein Lipase
VLDL: Very Low Density Lipoprotein



FB1E TorR7ovicd s~y AFE FM3A fifidd: & @ LPL O 5 EERE o f@tr

BLE iR

ZuZz7u v (Fig. 2A) R¥EfkFLrEe v &I EN, JIECRHIB R CaLxTr—L
POERINE AT A FELVEYTH Y, FURCTE DOFEEL PN IR 7 & D A JiEk
REDMEFFICA A R aFE VTH B[20], & ZATRAT A FhrE vy OEHRBRBERICIZ
KALT22oH Y, BIETFICER LRI E CIcFM 245 2 genomic effects &, fEHIFEI %
THEOE & B AR R MR NI /EF #6313 % non-genomic effects 23FEET 5, 717
AT YD 2DDREIEDN, genomic effects IZAMIITE NICHETET % PR 41 L. non-genomic
effects 1ML LICEET 27 v 7 27 v v 234K (Membrane Progesterone Receptors :
mPRs) (AIFR : Progestin and AdipoQ Receptor) U7 v X7 v v Z KR ERKER
(Progesterone Receptor Membrane Component :PGRMC) # /> LYEF ZFE L T\ 3 [21],
2 OFJEMIBIC B TD Z N DRAERDOFEIIIAD N TWER, TerxTu v
Jal OBBEITRZAFETH . FRCIEEH & oBIfRIZIZ L A ST TV,
BT F ATy THBE AN aFy Fusr 25 u VBT 27 1 (Medroxyprogesterone
Acetate : MPA) (Fig.2B) . iz A bu s v RO F Fru v v EHZE L, ®AET
F U NIC TE AR (PBYE) o ibiRikic 1980 LRV o Tws, LA L,
FLEE IS 2 IHIEF O FEM A RET B © b 5 < L lMieiER &0 BEEARIEMA S 5 2 &
26, BERAECIEERNMBEREURICHER s hTws[22] . L LIEDO AL LT,
%  DIEEREIC BT HAER R DRI I B0 2 MR AR IO L. S 23 ERE &
NTH Y M C IR EARICH: S B EIERAF OB L L T AR I hTw 5 [23-
25, TEME, WOWEEORATICN ) =2 b a7 VIRFUERE & & o Blsie & MPA O
IR UEHR SR T» 5[26,27], 2 & cHEMICH T2 7 n s 27 o v ofFEZHS
DICF B 7z, R iRV VIERZ RS MPA % A ORI o B5FIC R 7 5 E &
B IEER#ICOWT, FrICIFE MG 2 HHES 2 LPLICEH L. Z QBRI O CTfig
Bl 7z,



Figure 2. Structure of progesterone (A) and medroxyprogesterone acetate (B).



28 KBGE

5 1IH

MPA [FFIEASE X 0 BEA L 72, H-89,U0126, FR180204, SB202190, SP600125, L.Y294002,
KU0063794 J% Uf Rapamycin (¥ Cayman Chemical £ Y A L 7z, &it3E 1T A F L 2Lk %
¥ F (Dimethyl Sulfoxide : DMSO) ZiAf#E LER L 72,

5 2IH  MlekiE

L 72 = v A7 FM3A il IZBL AR~ A A Y YV — AWt v 2 =06 AF L 72,
FM3A flifdix 10% 4-AR'2IME (Fetal Bovine Serum : FBS), 0.2mM 7 7 =, 0.15mM 7
FA Y RUT2mM 7V X LY EFIL 72 RPMI1640 8542 L. 37°C. 5% CO, THf
T 7z,

B 3TH MRS S R

5 2 THCHESH X & 72 FM3A Mg &&= 0008 (150X g, 347, 4°C) L. Mg & Lific o x
w7, FEZET 0.1% BSA &6, v 7 A PEE R (Hanks' Balanced Salt Solution :
HBSS) <y L. MfEEE % 1 X107 f#/ mL ICTHEEL 728, T4 v > 2 I L 7z, 20
REZ AL | B ORI L 7, BEE R Mg 2 B L | .05 (1,000X g, 5 47, 4°C)
1w, Bl % LPL MIBEREMS & L, MifdizcE=y 42—+ Ny 77— (25 mM HEPES[pH
7.2],021M =¥ =}F—s, 70 mM 227 a—2,1mM EGTA, 10 M v 4 =*7F ¥, 1 mM
B-7Vtu ) VEERWNImM U vEEF MY 7 L) BINA, BE A TR L, 0
OB (15,000 g, 10 43, 4°C) o Lik% LPL, MAPK MIE:EIE S & L <, BEEEMEHIE
"y zzxzy7ay MFRICERL7Z,

554 TH A A E

FM3A il % 10% FBS, 0.2 mM 7 7=, 015 mM A F~<4 L VY RUF2mM 7L % 3
Y RININL 72 RPMI1640 Eiihic f&%E L . 32 L 7z, 37°C. 5% CO, T 72 IRf[E]3gH &
7o, MREBETRIC 0.2% Y Ny T —%BAE L. EMIEEE Burker-Turk MBRGHR %
FWHIE L 72,



%518 LPL BEEIETENIE

LPL BeEEME QM 121355 3 THCER L 72 LPL MIBEEIER % Va7, LPL EEEEMEHIE
I Nilsson-Ehle & [28] % Uf Belfrage & [29] D 5k &M L 7z, FEERDOIE2\»T, 0.2M
Tris[37°C. pH 8.0]. 0.3% BSA. 0.07% Triton X-100 % O Triolein [carboxyl-"“C]- (0.74
pM; 3.7 mBq/mL) (PerkinElmer) 49 pL %KH<, HHEEUHE (34) LA MMLIEL, X
512 12% BSA 20 pL. 0.2 M Tris[37°C. pH 8.0]21 pL # X "~ 7 2 JE@ILINTE 10 uL % /N
ATeb DEEEERE Uiz FFRL 72 FE W 0.1 mL I BEESEEES 0.1 mL 24 L., 37°C
T 30 rERERE L 7zo KIGIERIMEILR (X 27 =7 madn bo~7 % v=1.41:1.25:1) 2
mL Z7FML CTEIEXE7=0b, 0.1MKOH % 0.65 mL iz, 10 4R 3 %, GEEEAREE

(Free Fatty Acid : FFA) 2 &7 AvAh V-2 % /7 =@ (EE) % 0.6 mL N4 7 VICERIL
L. Vv ¥ v (National Diagnostics) 4 mL %#ilx., Wik v FL—vavhv v z—

(7 e 7% LSC-6100 ) T FFA D&% MIE L 7z. LPL ©iftEiZ 1M NaCl 77 F T
TR RICHEINS 2 & 225, 1 MNaCl 7 T <o LPL HEEREEMS OfEZ v CTHIIE L .
LPL 751 % nmol FFA/hr/10° cells TF#£ L 7=,

% 6 IH Mitogen-Activated Protein Kinase (MAPK) EFFEiEM:HIE

MAPK B#FRE M D |IE 1 1358 3 THCIERL L 72 MAPK MBS RER M &2 F 72, MAPK BERIE
PEHIE (X Ferby & [30] @ f7i1c #E U CHIlIE L 72, FREIVAWR & L€ 80 mM Tris [25°C.pH 7.5].
0.5 mg/mL myelin-basic protein, 37 KBq[y-**PJATP (PerkinElmer), 0.2 mM ATP, 10 mM
MgCl,, 1 mM MnClL DR&# % L 72, MAPK HHESREES 15 pL I HE AR 5 ul %20
Z. 25°CT 20 Z0[ERE L 72, MG THRIC 0.1% BSA &4 1 M HCI 3 uL %l 2 K6 % 15 11
X7z, IO %Z FERK (Whatman P81 phosphocellulose paper) @ 5 zIiZii# F L. 0.5%
U VIR T 1 FERE L 721%%. 0.5% U VAR Z ANEZBO 1 FEikE X472, %
Dz, EilkzAZI ¢, Vy FLvFEHuTlfks v FL—2a vy vy x—ITTRENE
% JE L 72, MAPK iE4: 1% phosphorylated myelin pmol/min/10° cells T L 7=,

B 7IH cAMP & &EHIE
cAMP &R OMIEIXE 3 H CTIER L 72 MlllgfR . cAMP enzyme immunoassay kit (Cayman
Chemical) # W CHIE L 72, cAMP & (% pmol/protein mg TH L 7=,



HF8IH SIRNAFJZVvAZ7xr/vav

5 2 JHCHEPE & & 72 FM3A Mg % &0 o0 (150X g, 347, 4°C) L. Mg & EiFic o &
Biz, BIEEZETI0%FBS, 0.2mM 7 7= KU 2mM 7 v £ I v %L 7= RPMI1640
S cRRE L, MlRE L %2 8 X 104 fi/mL ICF%E L 7z, Rictor ZfRR7 & 9% siRNA (10 nM)
(Sequence 5’-3": CACGAUUUCUAGCCAGUAA) X i MISSION siRNA Universal Negative
Control (Merck) % Opti-MEM (Gibco) MU Lipofectamine RNAIMAX (Thermo Fisher
Scientific) &REA L. 20 SR CRIEE ¥ 72, KIGH. 35mm 7 4 v & = £ 7213 150 cm?
MlaEE M 7 7 2 ahcHllufiEi L A& L. 37°C. 5% CO, T4A8 Mt L7z, / v 7 X
7 VRN O HI & v kv e v 2 22 v 7wy MEICTHES 5 2 & CRHM L 7=,

BOH vIzxxvZuy ik

55 3 JHCIER L 72885 o & v o8 7B RIE 12 BCA protein assay % W CHIE L 72, B %
Py TNy 77— (62.5mM Tris-HCl (pH6.8), 10% 7'V +tw—/L, 2%SDS, 0.02% 7
HE7 2/ —NTN— 5% 2-ANHTPT X =) ITEMRL, 95°C, 5 RIMEAL % v ¥
VB BN, WL e 2 v ox 2B R SDS K Y T 7 Y AT I F 7 VERIKENC X 0 S0
#%. PVDF XA v 7L VICHRE L 7z, W5k, AV 7L vk 1% AF L Iv7E&H TBST (20
mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.1% Tween 20) < 1 Ffft] blocking L. #iT LPL #T
{& (LabFrontier), #i Rictor #iif& (Cell Signaling Technology) ¥ 7zix¥ip-7 7 F v Fiik

(Proteintech) & & Hic, 4°CT—Mpf v F a2 R—F L7z, Hr T, BHETHERAL A F X
— ¥ TG L 2917 ¥ Pk (Bio-Rad) F7zl3~ v R IgG §iifk (Bethyl Laboratories) & &
HIZ60 A v Fax—FL, 447 2%— FDEHME) 2HOTRLI R, SV FOF
T8 I1X CS T 74 % — (Atto) THEHTL 72,

910 T FREt AR T

fE BR3P TR HEEE (SE) TR L7z, AEEMIE IR, 2 B HEIC2 W Tl Student’s
rtest, ZHERIO HHRIC O W Tl —TTECE S BT (one-way ANOVA) £1C Tukey 15 F 72 1%
Dunnett {EZ W CiTo 72, £72. P2 0.05 Kiliz AEAEH Y & L THNT L 7=,



I KR

~ v ZFLJE FM3A #ifgic 1) 2 MPA i< X % i o &1L

~ v ZFUEMIIC B 1T 2 MPA ORESZ M2 RS 2 7290, MILERERIC MPA Zi@#0L .
72 BRI L 72, % Otk FM3A Ml o885t 0 24t % Burker-Turk MERGHEAZ 2 v CEHHI
L7z, MBI MPA B2 1 oM O 10 nM IC B W CTHEICHEIM L 7225, EiEE o 20 nM
J U 50 nM Tld MPA JEFEFE T L EREEREMAZED b h -7z (Fig. 3), £ 2 T5A|
DOWFZE T3, MIIZHSE D BN ASHERR X 1172 MPA DEFE (1nM) % T LPL icxf§ % gt
T o 72,

LPL 43 ic X3 % MPA %)%

FM3A #ifidic MPA Z#NL ., ¥&E#o EiicdEn s LPL 250 LPL & L7-, LPL @
WHEEIVA TV FALT v A, ZVvANIHBRVIAZ Y 70y PERWTCHEL 72, 1
nM ®© MPA TiZ 90 9 £ TRREFYIC /0 LPL itk o G B N2 320 b7z (Fig. 4A), %
7o. BIREED MPA © 1 I[EILER L 72 & & 5 433 LPL O3EMEIX 1oM KO 10nM TIFAE
N X 27225, 20 nM BLE T3 Nasi8® b s - 72 (Fig. 4C), MPA i X % LPL 4y
WEITVIRAZ Yy T7ry MK 2y 7 HERTEIGED bivkd o7 (Fig. 4B, D),

MPA i & 3 LPL i&#:{bicf$ % cAMP-Protein Kinase A (PKA) 05

mPRs 12X 2 MPA OEf % it 4 % 72 cAMP &8 D2 bt % ELISA % v CHlE L
72, cAMP & &3 MPA #5lltk. 30 B2 5 180 B [l ©H E N 252 < v, 300 BT
IZFERHEA L Tz (Fig.5). cAMP 13 PKA 23T 2 2 e b T w3, 22 TPKA
DIAEHITH 2 H-89[31] % L. MPA I X % LPL i&HE(LIcid 2 PKA o5 % MGt L
7o ZOFEHE, H-89 ic X b MPA ic X 2 LPL G LB MIHI an s L @ » s (Fig.
6)o

MPA iz & 3 LPL i&HAic 3 % MAPK &Zig DB 5

MPA I X 2 EZBEREN L2y 7 FADBMER I NIz 720 FlA D> 7 F MREICB S L C
5 MAPK #E5& D B G- & 5T L 7z FM3A #ifidic 3510 2 MPA I X 3 MAPK i&tE o2t % .
VATV ALT v A ZTHCTHEL 7z, ZOfEF. MPA LB 20~60 /7B T



MAPK #EWofHEx EREs#ED b7 (Fig. 7)., MAPK #%iC 1%, extracellular signal-
regulated kinase (ERK). p38. c-Jun N-terminal kinase (JNK) Z0 %77 7 3 U —HH b h
T3, % CHEEIFET 2 MAPK @ & ofE##ic LPL iGMEALAMEKE L T 2 D 2R 2
Tz, BRSO ER % F W CET L 72, FHEA L U<, ERK @ LiRICHFIES 5 mitogen-
activated protein kinase kinase (MEK) if L U0126[32], ERK ic & L FR180204[33], p38
ICHF L SB202190[34] % tf JNK 123 L SP600125[35] % 72 & Z 5, MEK, ERK, p38 ®
FHEANIC X - C MPA IC X % LPLiEMHE(LO A E I 23580 S 7z 23, INK FHER 38R %
N 7ph o7z (Fig. 8A-D), F72kkA~ fifastsy 7 FroffEZclbo T3
phosphoinositide 3-kinase (PI3K) o FHEEH| LY294002[36] % v THiat L 7243, MPA IC X
% LPL OIEMEALIZNEI & 720 o 72 (Fig. 9),

MPA i< X 3 LPL oiE#ALIc 33 % Mechanistic Target of Rapamycin Complex (mTORC)
D5

mTOR (F MAPK IC & o TIHEHEAL & 41, FEfliig o ighil & #Eeic 5 L <3 [37], 2 2T,
MPA 12 X 2 LPL iGPEALICH 3% mTOR DOBG ZREf L7z, mTOR IE D X2 v o3 7 H &
Lbic 2 oE A (mTORC1 XU mTORC2) & LCHIEL T3, 2 CHERL L
T mTORC1/2 ic3f L KU0063794[38], mTORCI i3} L Rapamycin[39]% F\v>T, MPA ic
X 350 LPL i&E 2 HIE L 7=, %2 OfEE, mTORC/2 [EHITH % KU0063794 TD Ak
TEDIHEDHEZR X 7= (Fig. 10A,B), # 2T, mTORC2 05 %##&+ 3 728, mTORC2
DEEARKEZ Y S 7ETH S Rictor[d0]D ) v 2 X7 v %fFotz, /v 7 X7 VICXY
Rictor OFHE# (KT -/ <TiZ MPA i X 343 LPL ot LiziZo bnh o172

(Fig. 11A, B),

10
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Figure 3. Effects of MPA on the growth of mouse mammary tumor FM3A cells. FM3A cell growth
after treatment with various MPA concentrations for 72 hr. Data were shown as mean + SE. The data
were analyzed by one-way ANOVA with Tukey’s multiple comparison test. (n=6) *P < 0.05
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Figure 4. Effects of MPA on secretion of LPL from mouse mammary tumor FM3A cells. Secreted
LPL and protein activity in FM3A cells incubated with (e) or without (o) 1 nM MPA for the indicated
time (A, B). Changes in the secretion of LPL from the cells incubated for 60 min with various
concentrations of MPA were examined (C, D). The activity of LPL (A, C) and LPL protein secreted (B,
D) into the medium. Data were shown as mean = SE. The data were analyzed by Student’s #-test (A, B;
compared to the control) or one-way ANOVA with Dunnett’s multiple comparison test (C, D; compared
to the control). (n=6) *P < 0.05, **P < 0.01
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Figure 5. Effect of MPA on cAMP contents in FM3A cells. cAMP content in FM3A cells incubated
with (@) or without (0) 1 nM MPA over 300 sec. Data were shown as mean = SE. Significant differences
from the control group were determined by Student’s #-test. (n=6) *P < 0.05, **P < 0.01
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Figure 6. Effect of PKA inhibitor on stimulatory secretion of LPL by MPA. Secreted LPL activity
in FM3A cells incubated for 60 min with or without 1 nM MPA under the pretreatment of H-89 for 20
min. The data were analyzed by one-way ANOVA with Dunnett’s multiple comparison test. (n=4) *P <
0.05
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Figure 7. Effect of MPA on intracellular MAPK activity. MAPK activity in FM3A cells incubated
with (@) or without (o) 1 nM MPA over a 90-min period. Data were shown as mean + SE. Significant
differences from the control group were determined by Student’s ¢-test. (n=6) *P < 0.05, **P < (.01
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Figure 8. Effect of MAPK inhibitors on stimulatory secretion of LPL by MPA. Secreted LPL activity
in FM3A cells incubated for 60 min with or without 1 nM MPA under the pretreatment of U0126 (A),
FR180204 (B), SB202190 (C), and SP600125 (D) for 20 min. Data were shown as mean + SE. The data
were analyzed by one-way ANOVA with Dunnett’s multiple comparison test. (n=6) *P < 0.05
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Figure 9. Effect of PI3K inhibitor on stimulatory secretion of LPL by MPA. Secreted LPL activity
in FM3A cells incubated for 60 min with or without 1 nM MPA under the pretreatment of LY294002 for
20 min. Data were shown as mean + SE. The data were analyzed by one-way ANOVA. (n=6)
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Figure 10. Effects of mTOR inhibitors on stimulated secretion of LPL by MPA. Secreted LPL
activity in FM3A cells incubated for 60 min with or without 1 nM MPA under the pretreatment of
KU0063794 (A) and rapamycin (B) for 20 min. Data were shown as mean + SE. The data were analyzed
by one-way ANOVA with Dunnett’s multiple comparison test. (n=6) *P < 0.05, not significant (ns; P >
0.05)
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Figure 11. Effects of Rictor knockdown on MPA-stimulated secretion of LPL. FM3A cells were
transfected with Rictor siRNA and control siRNA. Rictor knockdown efficiency was determined by
western blot. Rictor/B-Actin ratio means fold change of Rictor to B-actin ratio normalized to control
siRNA (A). Secreted LPL activity in transfected FM3A cells incubated for 60 min with MPA (B). Data
were shown as mean + SE. The data were analyzed by Student’s #-test. (n=4) **P < (.01
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FAf EE

E AR MPA I 3B o BEIMHIER 220 5 Ts b, 2Dz d BN SEE L L
TSN ERH D, L LadbKEE MPA CTRAEMOREAEEE LS L D
WER D 5 [41,42], SEIOWIGECIE. PARHTIFIREIRZ DI 7 0 77 2 7 v VR R
100 nM & &N T 3728, 50 nM ¥ TORETHEIL 72, SEIEML 2~ v 27.% FM3A
e < ld MPA 228 10 nM ¥ CHlAEIESE & O° LPL i LM L. 20 nM LA Cidizs
Lzl bz o7 (Fig.3), ThoDZ &b, MPA FBEIC XV REA3EHEZRLT
WBZEERBELTWS, £ L TMPAIC X3 LPLiEMEAL2s 20 LA Ic4: U7z (Fig. 4A)
ZE2b, TORIEIR non-genomic effects ICKIEL T3 L EZ LN,

mPRs (ZMIAEE EICHFE L, 2 OhEIX G 2 v o8 VBRI RREHBHL TnW 3528, 3
724 TOFMITAHTH B, % 2 TMPAIC X TN cAMP 202 L 2 HIE L 728 2 A,
30 ¥ THEIC CAMP &R L 7= (Fig. 5), % D7-% FM3A #ifidic 517 %3 mPRs %
Gs 2 v NV HIERZRIETH L e REZ LN, T AR O cAMP &8I X %
PKA oIS S vTH b [43]. PKA ofHEA] (H-89) i k> T MPA IC X5 LPL
ML BB I X n7= (Fig.6) Z & 25 mPRs #4L 72 cAMP | LPL iEMALIcBIS L T
W EBRBI NI,

MAPK #2358 13 5k % Zflifidh o 7 F VN A~MEE S 2 55 %2 1 5 ER AR CH L, 0
FEB% I ERK #2588, p38 #EE%. INK#Ei& 72 EBEEL T b & I TH h ., 2z iuosilifust
U7 FNDIRERE A > T b, 20T ERK RS I3 E oo BE%iE 1< iR o> ¢ B 7 15 E
ZLTEBY, HEOX—=7y P LTHIFEHINTWS[44], TmFxT7a vt 1 FELA
IC MAPK REEDBR D & v o8 % ) vERL 2 5 2 2R 5 T 5[42,45,46], FM3A
fifgic B VLTH MPA IC X % 1 ML CD MAPK &t 72380 bn7- (Fig.7), %7-
U0126 % TF FR180204 ifi T8 iz SB202190 i & - T MPA I X % LPL iEHEAL 2381 = 4172 (Fig.
8A-C) Z &b, ERK1/2 KU p38 REEAEMALICBISG LT3 T &R & iz,

mTOR [Ziflg D85 Kk MO 2175 € ) v/ AL A=V FF—¥TH Y, mTORCI
¥ mTORC2 @ 2 fHOEAERE L CTHIEL T w3, EAKIZENENEIHIEERES R > T
VB EBRHILNTEY, mTORCL iFhLE V2T Ik Y oRBEHIC X 3 Miase 7+
NET T )Y v—) VIR & v o3 28 % F — -+ (AMP-Activated Protein Kinase : AMPK)
) v/ALA=vFFF—+ AKT (AKT) (BIFs: v 54 v *F—+ B) KO ERK &2 & D
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RN > 7" F s R 2 A L2 dilf#l % 5 1F Tk Y [47-49], Fic x v X7 O 7 fific B
HLTWwW3 Z A5 TWw5([50-52], —/7CmTORC2 Oflffix A =X Li3HE W FIb I
TH 5T, PI3K R#EHIHER(LAE (Tuberous Sclerosis Complex ; TSC) ic X - THIfHI X413
ZEDPHEIN TS [53]A3%Z ORI L 22Tl v, ERHICOWTA T 7 F v OoEAR
AT AHRTCTH B L OMELDH B[54], LALAaddZEDMOIERICONTIZIZE A LH
LT IN TR, AFFEICEHE T MPA IC X % LPL &AL 2 mTORCI FHEH-C 1304
Iz h o7z (Fig. 10B) @ IZXf L. Rictor DFHE Z KT & & - Mlg cidiFd s il &
7z (Fig.11A,B) Z & 2>6, mTORC2 ICFF M7 LPL iGMEALIC8,2s 3 % v~ 2 E D FllIR % &
i S HEAES 2 FTREME DS RIB S 7z,
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28 T RbIuFvicks LPL EMERE BT

BLE iR

TR uF VIRl R L E Y &S IEEN, MO RE - R OCHREOHIEH 21T 5 % 7x
Z7ua4 FRALEYTH Y, JHECEH BT, 7ur27uovrbEikaEns,
IZ b VICEEEEFELTEY, 2ohTdh 17p-= X + 74— (17B-Estradiol :
E2) (Fig.12) 3md FECcHmNEHE R~ THALrE Yy TH 5, 2 OIEA X, FLUIRMIAG O Bl
st SREHEINEIE A5 0 . X S ictEh L E v DA OMER & L OB BB X o ichg ™
fRi#Hic 3¢ LDL oA % VLDL K U'HELE ) & % v 378 (High Density Lipoprotein :
HDL) #¥ME 43 2 &AM HNTW3[55-59], TR+ a7y ofEHF & LT genomic
effects & non-genomic effects 23777E L T\» %, Genomic effects IZMIAIE N D L < I3
f7E+ % ER LA, “BRAZEHK L ER AR EVIRETIL AV DT X bud V3
R L AV PG L, BIR TRV E VIRERINCH G L, IEEN % JHi3 2 [60,61],
—77. non-genomic effects IIMMEIE HICHEET 2 G 2 v SV BEHEHIT 2+ vy v Z5HE

(G Protein-Coupled Estrogen Receptor : GPER) ([H% ¥ : GPR30) c#EA L, MAPK 7 &
OMBEN Y 7 FafmER 2 iEH LT 2 c e cox b a v o EHEZREL T 5[62,63], <
DESICT A ud vidkke HfRICB W TEEAA @ X2 L Cwb, okl e opdE
DHILNTWS,

FUBICBWTE, AT v T s 2T a vEEROKRAR L WE AT wbW 5k
WE VY EBRGHEIEDG S v, Z 2 TEDOMIEA T A P uy VICHRCIRFEL TW 230 A
HICH LT, ER 2B & L 2N IEIE R IEfT L. ZD7kohie X Fu s vl oL 5
MTE N T3, 2RO X5 icex b us vidfiltottt e v Lot REHC D KE <
BGLTHh., sra—2RE@, 73 BR#E64]. BER#EFEOREZIToC\wb 2 L
LAV A L ur vEID ALY ZEERGIEIMEE N T 2 EREREZE S LT b, L
2> L7 28 & FUEMIE H B OB R IC & > CTHHEDKERTH 2FE o icovwTox
2+ uy v OEHOFHMIIAHTH 3, £ 2 CAECRIVENRICNT 222 F vy v ol
BRHCN T 2EHE L VL2 ICT 2720, IREOMMRICE W CEEREEH ZHS VK4
v 7 BRI O W TRRIC B2 1T X % LPL 43RS 1< & H L TR L 72,
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Figure 12. Structure of 173-estradiol.
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910 T FREt AR T

fER 3P e S (SE) O L7z, AEEREIX. 2 B D HEIC DTt Student’s
~-test, ZHER D HLELIC DWW T UL one-way ANOVA 1£1C Dunnett {E# W TfT o7z, 72, P
fiE23 0.05 Kimz HEAED Y & L THNTL 72,
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I KR

~ v ZAFL% FM3A Mifidic 1) 3 E2 ic X 2 fifasgsE o &1k

~ v ZAFUEMALIC 51T % E2 ORZ W E R T 5 -0, M@ IC E2 2@ L., 72 K
MG L 72, £ 0% FM3A Ml 0 345 D 221t % Burker-Turk IMBREHRAE 2 FVCERAIL 72,
FIREHETE I E2 RIS HM L, 1 nM R O° 10 nM CHE =125 & 117z (Fig. 13),
FERRRTIEAEIR 2t o i rf E2 MRS IX R AR 2 nM & ST\ 323, S E O Tt FM3A
f o #5EAS 10 nM F CHEEEKRENICHML 2t 20, LYV EEEOMETE 2 10 nM %
TOWECHETL 72,

LPL S3#iC 33 5 B2 ORHR

FM3A fifigic E2 2@ L. KE# O iFicEENn s LPL %50 LPL & L7z, LPL ©if
WrEIVATVIFALT v A, ZVANIEBEVIRAZ Y70y FEHWTHEL 7z, E2
JREE 10 nM Tid 90 43 F TREFIIC /3 LPL G E 0 B E AN A 320 b7z (Fig. 14A), %
7oo BifED E2 C 1R B L 72 & 2 A, 77 LPL @il 1 oM KO 10nM THE 7
AR & 7z (Fig. 14C), E2 1 X 2 LPLOWREIIV TR X vy Tuy Mk 32 Vv 08
SEERCERHD b ad -7 (Fig. 14B, D),

21 X 3 LPL i LT3 %5 cAMP-PKA o5

MR ICfEfE3 5 GPER 12192 E2 OIFH 2 ME1 3 2 729 cAMP &R D% L% ELISA
% W CHIE L 7z, FM3A #illEN cAMP &8 (3 E2 itk 30 Bicsw CHEICHMS %
Z L HER I NI (Fig. 15), cAMP I X o TiEM LI N5 L BHIb T\ 5 PKA OfHE
AlC®H % H-89 2l L E2 i & % LPL #&EMALIcxf 9% PKA 0BG 2 MGt L 72, % DRGHR,
H-89 ic X Y E2 ic X 3 LPLiGMHALIf & h 5 & & 23R & 7z (Fig. 16),

E2 ic X % LPL i&#{bic a3 5 MAPK &Kk U PI3K 05

2 X DIEZREEN LTy 7P AR I NI 720, A DY 7 FNEICEE L Tw»
% MAPK #8805 2 & L 7z, FM3A #ifldics 13 % E2 Ic X 3 MAPK iftEoZftxz, 7
VHAZVHFALT v A THCTHEE L7z, % DR, E2 L% 60 43 & U 90 7 T MAPK
EHEORER LA 2RO bz (Fig. 17), fitWw CEHEIFET 5 MAPK @ &2 E2 1T
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£ % LPLiEMALICBI G L T 2 O HERT 5 720, SRR O BHER % VT L 72, BHE
#l& LT PD98059 (MEK FHsE#A]), FR180204 (ERK FHZEHI). SB202190 (p38 FHEH) &
U SP600125 (JNK FHEHA]) % w7 & 2 A, MEK, ERK, p38 o[HEHIc X >TE21c Xk 3
LPL i&HAL B B M 2332 S 7= (Fig. 18A-D), ¥ 72Kk 4 Zflifiask s 277 F n D5z I B
b o T3 PI3K ofHEA LY294002 ic X > TH, E2 1 X% LPL OiEME b3 B Icis] &
hi- (Fig. 19),

E2 ic X 3 LPL oiEHLIc 3% mTOR 0B 5

o7 % E21C X% LPL iR Qi 21T 5 720 MAPK (€ X o TiETE(L & husEiiie
DOYENE & HRICBfR L T\ % mTOR DL %#ET L7z, mTOR IO £ v isBHE L D
IC2EHEOEAERE LTHEL T b 20 JHEAI L LT KU0063794(mTORC1/2 FHEHA)
J« O Rapamycin (mTORCI1 HEH]) % Hwv-C, E2ic X 20 LPL iR HE L 72 & © 5,
mTORC1/2 BHEHITH %5 KU0063794 T RGP0 AE 2 ERE X 1u7z (Fig. 20A, B), %
T, mTORC2 05 % #it4 2 729, mTORC2 D EE MK 2 v 27 ETH % Rictor D /
VIRV R Tt /v 2 X7 VIC kY Rictor DRBERET X ¢7-#flicld E21ck 3
53 LPL o i EAL 1338 5 s - 72 (Fig. 21A, B),
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Figure 13. Effects of E2 on the growth of mouse mammary tumor FM3A cells. FM3A cell growth
after treatment with various E2 concentrations for 72 hr. Data were shown as mean = SE. The data were
analyzed by one-way ANOVA with Dunnett’s multiple comparison test. (n=6) *P < 0.05
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Figure 14. Stimulatory effects of E2 on secretion of LPL activity from mouse mammary tumor
FM3A cells. FM3A cells were treated with (e) 10 nM E2 or without (o) for indicated time (A, B).
Changes on secretion of LPL the cells incubated for 60 min with various concentrations of E2 (C, D).
The activity (A, C) and protein (B, D) of LPL secreted into the medium was measured by radio enzyme
assay. Data were shown as mean + SE. The data were analyzed by Student’s #-test (A, B; compared to
the control) or one-way ANOVA with Dunnett’s multiple comparison test (C, D; compared to the
control). (n=6) *P < 0.05
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Figure 15. Effect of E2 on cAMP contents in FM3A cells. cAMP content in FM3A cells incubated
with (e) or without (0) 10 nM E2 over 300 sec. Data were shown as mean + SE. Significant differences
from the control group were determined by Student’s #-test. (n=6) **P < 0.01
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Figure 16. Effect of PKA inhibitor on stimulatory secretion of LPL by E2. Secreted LPL activity in
FM3A cells incubated for 60 min with or without 10 nM E2 under the pretreatment of H-89 for 20 min.
The data were analyzed by one-way ANOVA with Dunnett’s multiple comparison test. (n=4) *P < 0.05
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Figure 17. Effects of E2 on MAPK activity in FM3A cells. FM3A cells were incubated with (e) 10
nM E2 or without (0) over 90-min period. MAPK activity was measured by radio enzyme assay. Data
were shown as mean + SE. Significant differences from the control group were determined by Student’s
t-test. (n=6) **P < 0.01
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Figure 18. Effects of MAPK inhibitor on stimulatory secretion of LPL by E2. Secreted LPL activity
in FM3A cells incubated for 60 min with or without 10 nM E2 under the pretreatment of PD98059 (A),
FR180204 (B), SB202190 (C), and SP600125 (D) for 20 min. Data were shown as mean + SE. The data
were analyzed by one-way ANOVA with Dunnett’s multiple comparison test. (n=6) *P < 0.05

33



- = N N W
o (3] o O o

Secreted LPL Activity
(3,

(nmol FFA/hr/106 cells)

0
E2 L — + J I_ + J I_ + J

LY294002 0 1 10

Figure 19. Effects of PI3K inhibitors on stimulatory secretion of LPL by E2. Secreted LPL activity
in FM3A cells incubated for 60 min with or without 10 nM E2 under the pretreatment of LY294002 for
20 min. Data were shown as mean = SE. The data were analyzed by one-way ANOVA with Dunnett’s
multiple comparison test. (n=6) *P < 0.05
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Figure 20. Effects of mTOR inhibitors on stimulatory secretion of LPL by E2. Secreted LPL activity
in FM3A cells incubated for 60 min with or without 10 nM E2 under the pretreatment of KU0063794
(A) and rapamycin (B) for 20 min. Data were shown as mean & SE. The data were analyzed by one-way
ANOVA with Dunnett’s multiple comparison test. (n=6) *P < 0.05 not significant (ns; P > 0.05)
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Figure 21. Effects of Rictor knock-down on stimulatory secretion of LPL by E2. FM3A cells were
transfected with Rictor siRNA and control siRNA. Rictor knockdown efficiency was determined by
western blot. Rictor/B-Actin ratio means fold change of Rictor to B-actin ratio normalized to control
siRNA (A). Secreted LPL activity in transfected FM3A cells incubated for 60 min with E2 (B). Data
were shown as mean + SE. The data were analyzed by Student’s #-test. (n=4) *P < 0.05, **P < 0.01

36



FAf EE

E2 & LPL OBfRIFEEERE I N T2 208, BERIC X O IS R D X oI FUEIgIc
F13 3% LPL & OBRICOWTOMITIZIZE A EfThbhTwin65-67], %2 T E2 OIFE
R#A~DX OB ZFTELITD 72O, LPL ORI 3 2 2B oEt 217 - 72, S EIEH
L 7=~ 7 2FLJE FM3A #iid <l E2 ¥4 10 nM £ © LPL /&AL M L 72 (Fig. 14C),
Z LT 20 50 LANT B2 ic & % LPL itk 234 U 72 (Fig. 14A) Z e, ZDKIEIE non-
genomic effects ITIKIFL TV 5 LEZ b D,

GPER 3@ LICHET 2 T A P u S Vv REKRTH Y, ZOWEIL G & v oy 7 B
TR EREBINTEY, 7Ty 7 77—+ (Adenylate Cyclase : AC) % MAPK 7z
EHE S DY T I NMERICEEG L Tw b L oWfEDRH 5[68,69], 22T E2 i X 2HIEA
cAMP BEOZ{L A M IE L 72 & &5, 1 0K < cAMP 82388 L 72 (Fig. 15), D
cAMP & &I X 5 PKA ot e LPL oiEt b & oBfRZHET L7z & 2 A5, PKA o
EHI (H-89) Ic ko T E2ic k3 LPL &M L3 FEREICHIfl 7z (Fig. 16), 2D Z &b,
GPER %/ L 72 cAMP H8/1ix LPL iGHE(LICBISG L T3 2 R I Tz,

MAPK iZ= 2 b a7 vic X Wit an s 2 L A S T 569,701, SRV 72 FM3A
HAEIC BT HIEMAL 2 HERE & L7z (Fig. 17), MAPK ICIZEEORIEBEET 528, =R b
17T X B BRI O & % OB O RKIGDIITIIRZA T TH 5, RiffFEics T E2
Ic X 3 LPL OiEMALIc 5Tt ERK & Uf p38 OfERR AL LT3 2 &R s ns (Fig.
18A-C), %7- E2Iic X 3 LPL i&M:{bicid PI3SK o5 % /r X 41, MPA I X 3 LPL G P:{u i
JréotfiEd Bz (Fig. 19),

IR Pu7vick s mTORCl OEMHAIFFLEMIEOIIEICERE 2 &%El %2 LT3 & DI
LD CHAET B [71], E4E mTORC2 & DEED W O lE I T w32, 2ok
FH S A2 TiE v, AFFEICE VT E2 12 X % LPL #&1E{L2s mTORC1/2 B & UF Rictor
Dy r Ry IC ko Tl T (Fig. 20A) (Fig. 21A, B) T &5, E2 it T
mTORC2 %/ L T LPLiEMHALAMTHO N TV 25 Z L AR X nrz,
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FIE MEASICN S 20 FENEC X 3 IFERHOKE B3 5 T

BLE iR

FAE v ZBEEGHEIIEDORBEIZ T A b a7 v ZREEEN & L7z WL — ki<
»25[72], Lo LArEeyZRIFGIETH D 7008 o MR ICIRYTTE 2 6 5 2 FUE b 71
T %, WOEEEIRY D 2 71 = X 20 L LT, PI3K/AKT/mTOR #E& O iEMEL 2385 E T
Y [73]. mTOR ZfFHY & L7iafEE (Zxm Y LX) GREBFEHINTHS, 3 HICES
TIEFFICY A 7 ) v D1 ORI N WREERITER O PRENOR T L TEEL O
WMER R INTHB([74], ZD7-ORXRDEHE LTEHEINZD2 CDK Th 5, CDK I,
) V/AL A=V FF—ETHY, FA4 2 ) v BRI 2 2 & CHETE R AT % HI
THREEL X VAN ETH D, MEDIE, GO/G1-S—G2 O, X 51 M (FARHH
LHIlEE) g bh, TNENRDOF 2y 7 FRAL v bW TH 4 2 Y v /CDK #HEMEIC
X 2 HI R ASTFEAE L T 3 [75], thTd CDK4 U CDK6 1344 7 V v D1 L AR ZE
9 % & CHIESFMIIZE (Retinoblastoma : Rb) % v 7B % Y vt L, Rb ICkEA LT
w35 E2F phiEif LR ERESICHE A9 5 2 & CIRE M I N SIH~oB Tt ¢ 5, Z
D4 2 ) v D1-CDK4/6 # & 4-Rb £ 0 B il w2 v ZREGHERE B T
DML LCHAONTWB[76], Bii. 2@ CDK4/6 #iEe LCHEST s icky,
MR B D AT %2 BHIE 3~ 2 0 TEEEE DB S N T b, Z D Th R > 7 Y 7 (Fig. 22)
2D B CREAMERNE (Food and Drug Administration : FDA) 12K & 1u7- CDK4/6
HEECcH Y, 427 Y v DI-CDK4/6 ke ATP L ofia %z HET 5 2 & CHllfa/E i
ETZHIEL Tw 3, bBEICHE VTV R Y 7 ) T3k v v ZEERG D> HER2 24
DFMIARE. b L RIS I L CHmbEik e ot I A Tw 5, 2SRy 2
Y 7135871 CDK4/6 % FHE L <. MR 0T 2 3%l 2 23, fe ofEhcxd 3 2 EH
BIEER#ZED, 1ZLACITE LTV, 22 CARECRIVEMICK T2 Ry
7 ) 7ORREREC T 2EAEZHL 2 ICT 2720, JEOMEL~DEEAREBIN TS
IR E O ZEB[77]% ) K 2 v 2 EREBHCO VT, Fric LPL o wbicn 3 2 &8 e & H
UIEET L 72,
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Figure 22. Structure of palbociclib.
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28 KBGE

B R

>vR Y 27 Y 7k Chem Scene, BAPTA-AM [ H16#{i#E, STO-609 |3 Cayman Chemical
LOHEALZ, SRy 27 ) 703 0.1 M HCIl, BAPTA-AM & Uf STO-609 i DMSO A fi#
LA L 72,

20 MilasE
M DT ikId, AGWEH 1 WO 2 fi, %6 2THITR L7z,

5 3IH  HEESRIE TR

AT A S E

HHACHETERE /7 03, ARG 4 THITR L 72,

Z

T
gl
S
H
[\
=
#

5 5 TH A B A

F2ETHEEL Mz 1.5X10°fH/mL OB ICHEE L, EA 2RI LIS L 72, 48 I
flte. MG % IR, =050 (150X g 347, 4°C) L. BiEZMY Rtk 70% =&/ —
NEIMAZ 4°CT 20 SrREfiAe % EE L 72, FxCycle™ PI/RNase Staining Solution (Thermo
Fisher Scientific) % ¥l L 235 C 20 rfEl§ta 217>, FACS Calibur (BD Biosciences) % i
W FI2-H THIE L. Cell Quest Pro (BD Biosciences) & T % 1T > 7=,

%618 LPL BEEIETENIE

LPL BB EE DI 121355 3 THCER L 72 LPL MIBEEIER % Ve 72, LPL EEEMEHIE
I Nilsson-Ehle & [28] % Uf Belfrage & [29] D /5% R L 72, FEEWROIERICDW T, 0.2
M Tris[37°C, pH 8.0]. 0.3% Triton X-100 K& ¥ Triolein, [9,10-3H(N)]- (10 nM; 18.5
mBq/mL) (PerkinElmer) 20 pL %K<, #EERLE (35) LA MUEL, X512 10%
BSA 60 uL, 0.2 M Tris[37°C, pH 8.0]7.9uL, 10% 4 v F 7 VK% 0.1uL B X N~ 7 =JE
LI 12 pL 21z, 37°CT 60 SERE L7z b 0 2 REER E Lz, ERL 72 BRI
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0.1 mL (< HEEZEAE S 0.1 mL 23001 L. 37°CC 60 REE L 72 ISR (X 2 /7
—Airmakrhi~7T X v=141:1.25:1) 325 mL 2FML CTELIEZ0b, 0.1IM
Carbonate-borate Buffer # 0.75 mL il 2. 10 73fE#ki&E S5, FFAZ &GO TA AV -2 X ) —
WE (BE) #1mL SATARERL, Uy o vF4ml 202, ik vFL—vav
hyvi— (7ahEl LSC-6100) T FFA OithHEM:% HIE L 7z, LPL &3 1 M NaCl
FEETTIRITRESICHEI NS 2 & 55, 1 MNaCl {77 F T LPL HIEEERE ol % v
THHIE L. LPL i&¥:% nmol FFA/hr/10° cells TF L 7z,

7 MENIEERE

JEREREICIZF ALy B FDEHEE) 2HvCiTo7, 5 2HTHEL Z#iEE 1x10°
fil/mL DB TR U, SEH A2 AN L 48 REEIREEE L 72, Z 0%, MilE 2 A U0 (150
Xg, 347, 4°C) IC T EiEZMYERE PBS T2EUHF L7214, 4% X7 FLVALT AT e FIC
XY 15 3 EE L 72, BE. 0.5pg/mL 4 ALy FITT 20 gt %17 - 72, FACS
Calibur Z <, [REoFME% FI12-H, #ifldft% FSC-H CTHlE L. Cell Quest Pro iCT
fEtft 2 17 o 72,

H8IH SiRNAFMZvRZ7 =zl av

SIRNA t 7 v 27 27> avid, AGmd | EOH 2 fi, 5 8 HITRL 72, AMPKal/2 %
)& 3% siRNA (30 nM) (Santa Cruz Biotechnology) U LPL %[y & 3% siRNA (50
nM) (Sequence 5’-3": CAAAGUGUUCCAUUACCAA) (Merck) #FH\~C/ v 7 X7 v %A4T

277,

BOEH vIzxzxvZsuy ik

VIAZXYv 7y MEE, K 1 B0 2 fi, 5 9 EHITRLAZ, —XPifke LTht
AMPKal/2 #ifk. #T p-AMPKal/2 #if& (Cell Signaling Technology). #i LPL #ifk (Gene
Tex). $ip-7 7 F v ih%EH iz,
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910 T FREt AR T

fER 3P e S (SE) O L7z, AEEREIX. 2 B D HEIC DTt Student’s
~test, ZHEM]D LIRIC D\ Tl one-way ANOVA $£21C Tukey £ % 72 1% Dunnett 5% F W\ C
127z, %72, PEA0.05 Kifiz HEAD Y & LTHRITL 72,
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I KR

< U AFE FM3A #ifgic N 3-2 K 7 Y 7DRR

~ v AFJE FM3A Ml 517 2 SR e 7 ) 7 ORREZE R MR T 5 729 1C, HlfEERR I
SNNRY 7 ) TREML 48 I E L 72, Z DfHl. FM3A il D 1ghig D221t % Burker-Turk
IMBREFEAE 2 F W CERII L 720 HIBREGEIE LR S 2 ) ZHEERIERIC IR X e, 5 M Tl
e o BEslE 23 52 4 M X 7= (Fig. 23A), Z OAficx L propidium iodide Bt %470,
Ml OEGE N E 7o —F A P A= —2HCCTHELZL A, 1pM SR> 27 ) 7
IC & - T GO/G1 Mol & a I L 72 (Fig.23B), %72, A K227 ) 7 1pM F
Mi%. 5 srEikEE L 2 #ilidic 5T AMPK @ U v EB{LITHED D &7z (Fig. 23C), »SLaR
Y7 YT b 48 Wi E L Mz IEERERTH 2 T4 v Ly FICTREZITo -
Mgz 7a =94 b A =2 —ZHOTHELZ, AR 27 ) 7L 2/, RERE
I HEE o HRHIN (Fig. 24A). R UHIEOBAL e & v7z (Fig. 24B), ¥ 7= AlifaftY 7=
D DIFEEROEMIHERINA720, SRS 2 Y TIZHIIEHN O ISE %L % X & 3 ¢
HzaT2 LRz (Fig. 24C), FRDOFFRETHNARL 7Y 72 HH L 2D
BRI 1349 0.3 pM TH 3235, ~SAK 27 Y TR TIEA S <. £ 72 FM3A #f
fwic 31 2 HAERE5E 50%FHERE 258 1 uM TdH - 72729 LPL icxf 3 2 #5HE 1 uM Rijfg <

To72,

LPL W33 30Ky 7 Y 7ORE
FM3A filifdz sk 27 ) 7B L, BERO BiFicEEns LPL 270 LPL & L 7.

LPL O Z 7V ATV HFA LT v f, 2V BB EZ VI RZ Yy 70y b 2w CHlE
L7zo 1pM 23 bR > 7 ) 7Tl 60 9 TRERFINIC 0 LPL it R Y & v o3 7 B B O 3Nt
Ao b (Fig. 25A, B), ZEBEDO LR 27 ) 7C 1 EMUBL72¢ 2 5, 40t LPL @
WEER X v T ERIG VRS 7 ) TIRERENICHEREICEMmL 72 (Fig. 25C, D), 22T
NURT ) T B IEEOEREME LPL L oGRS T 570 . LPLO /) v 7 Xy v
#1T- 7= (Fig.26A), LPL %/ v 7 X7 v X4z = v b o —afilig & bl L, #lfasy
FEOSNEI X 2 & & 2R X N7z (Fig. 26B), #5\T. ~SUR Y 27 ) 7 X 3 88 0 &R
M5 2 2582 MET L7z, ZofE, LPL / v 7 Xy vHilldcid, = v ba—aflifdiclt
RTANNVKRY 7Y 7K B RE OFERBEMA AR IR S 5 2 & 23R & 17z (Fig. 26C),
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E2 5 X O MPA i X % LPL i&#:AL %] L 72 mTORC1/2 [HEHITH 3 KU0063794 % < v
R 7Y T B ITHMLZE A, SR 7Y 7T X 350w LPL i HIGHNIZEED b
o7 (Fig. 27), £7-. FM3A flifldic AR 7 U ZEE T, E2 £7213 MPA 2L
72 & 2 A, b LPLIEMEIAHMAIC ER L7223, 2V o EEIFSVRY 7 ) ZTH L X
ZALIZER® b e d - 7= (Fig. 28A, B),

NURY 7Y Tk B LPLAWICT 2 AL T LY 7Y v 7R OBES

MBI A v oy ZZEB) & LPL 50 0SB L T\ 3 & ORED S 2 (78], 2 & TRy 2
Y70 X% LPL DA B = X L2 gt % 9 2T Ca** v 7 ) v 7Rk 0BG 2 RE L 72,
T FHIMAN Ca®* ¥ L — FHITH 5 BAPTA-AM[79] % i\ 72 & 2 5 BREEIRFFIIC LPL 4330
DUNEIAERD btz (Fig. 29A, B), #WC. MM Ca?*ic X o TP LI 3 H L e 2 Y
v (Calmodulin : CaM) & H L7z, CaM ¥ Ca*'ic X » Ttk &, Ca® /A e 2 )
VIR & v o8 7 ¥ F—+ ¥ F —+& (Ca?*/Calmodulin-Dependent Protein Kinase Kinase :
CaMKK) J% 0 AMPK % % i AL & 2 3 £ & 281 5 LT 5 [80], CaMKK BHEHI < % % STO-
609[81]1 % SRy 7 ) 7L & HITHINT 2 & LPL b0 & A M 032 & iz (Fig.
30A, B),

AMPK / v 2 ZY VIic X 35V F Y 27 ) 7D LPL b D ZEAL

AMPK % CaMKK %12 & o TiEHEL T 4v, = 40 F — U L B ERICBIfR L T 3., % 2 T,
SARY 7Y T X B LPL A tic i+ % AMPK o5 %85t L 7z, AMPK (Za. B. v
D3ODY T2y b LRI NE~T o =BIRkX v 7 BEEAERLE LTHFEELTEY,
a7 =y b0V VELEERIEECHET & L CHIS T 5 [82], FM3A fifidic 5T ¥
WERY 7Y T X BRI TD AMPK U VIg{LTTH#EDR S £ & h 5 AMPK 0B 543
#2503 (Fig.23C), # 2 TAMPKa® /v 2 XY v %ffo7- (Fig.31A), / v 7 X7 v
XY AMPK oD FHREZ KT X2 Mg Tld SR> 27 Y 7ic X 3 LPL 20 o8 hnie2
» bhisd o7 (Fig. 31B, C),
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Figure 23. Effects of palbociclib on growth and phosphorylation of AMPK. FM3A cells growth after
treatment with various palbociclib concentrations for indicated time (A). FM3A cells were treated with
or without palbociclib (1 uM) for 48 hr and stained with propidium iodide followed by FACS Calibur
(B). FM3A cells were treated with or without palbociclib (1 uM) for 5 min (C). Data were shown as

mean + SE. The data were analyzed by Student’s #-test. (n=4) *P < 0.05, **P < 0.05
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Figure 24. Effect of palbociclib on lipid accumulation in FM3A cells. FM3A cells were treated with
or without palbociclib for 48 hr and stained with Nile Red (0.5 pg/mL) measured by FACS Calibur. Cell
size was measured in Nile Red unstained cells (A) and intracellular lipid content in stained cells (B).
B/A was identified as lipid density (C). Data were shown as mean + SE. The data were analyzed by one-
way ANOVA with Dunnett’s multiple comparison test. (n=4) *P < 0.05
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Figure 25. Effects of palbociclib on stimulatory secretion of LPL from FM3A cells. FM3A cells
were treated with (@) or without (0) palbociclib (1 uM) for indicated time (A, B). Changes on secretion
of LPL the cells incubated for 60 min with various concentrations of palbociclib (C, D). The activity (A,
C) and protein content (B, D) of LPL secreted into the medium were measured by radio enzyme assay
and western blot. Data were shown as mean + SE. The data were analyzed by Student’s z-test (A, B;
compared to the control) or one-way ANOVA with Dunnett’s multiple comparison test (C, D; compared

to untreated palbociclib). (n=6) *P < 0.05, **P < 0.01

47

Palbociclib (pM)

=O=Control B Control Palbociclib
—&—Palbociclib min 0 10 30 60 10 30 60
Y T oweL | — o — e e -
2,5 1 =O=Control .
£ —e—Palbociclib
2 2
o *
& 1.5 1
a3
48
3 11
°
T T T 8 0_5 i
0 20 40 60 (7]
time (min) 0 ! ! .
0 20 40 60
time (min)
D
Palbociclib 0 0.1 0.3 1 5
M) L |— e— - — — |
2 -
c k
o 1.5 - *
il o ‘i
o
23 1
T T T T T J‘e
1 2 3 4 T =
Palbociclib (uM) %
6 0.5 -
Q
»n
0 T T T T T
0 1 2 3 4 5



Control LPL
siRNA siRNA

LPL -
pactin | S G-
LPL/B-Actin ratio 1 0.29
B 150 - Control SIRNA C 16 1 —o—Control sikNA
ontrol si .
—o- —e—LPL siRNA
150 { —e—LPL SiRNA ¢ 15 - >
& 120 S 14
-« - N
X - =
= 90 c—13
= o
3 5 ©
O 60 09212
= T
O 30 214
0 1
0 10 20 30 40 50 0 02 04 06 08 1

time (hr) Palbociclib (uM)

Figure 26. Effects of LPL knock-down on cell growth and palbociclib-treated lipid accumulation.
FM3A cells were transfected with LPL siRNA and control siRNA. After transfection, protein expression
was measured by western blotting. LPL/B-Actin ratio means fold change of LPL to B-actin ratio
normalized to control siRNA (A). LPL knock-down cells and control cells were grown for indicated
time (B). LPL knock-down cells and control cells were treated with or without palbociclib for 48 hr and
stained with Nile Red (0.5 pg/mL) measured by FACS Calibur (C). Data were shown as mean = SE.
The data were analyzed by Student’s z-test (B, C; compared to treated control siRNA). (n=4) *P < 0.05
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Figure 27. Effects of mTOR inhibitor on stimulatory secretion of LPL by palbociclib. FM3A cells
were incubated for 60 min with or without palbociclib (1 uM) under the pretreatment of KU0063794
for 20 min. The activity of LPL secreted into the medium was measured by radio enzyme assay. Data
were shown as mean + SE. The data were analyzed by one-way ANOVA. (n=6)
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Figure 28. Changes of palbociclib on stimulatory secretion of LPL in combination with E2 or MPA.
FM3A cells were incubated for 60 min with or without palbociclib (1 uM) in presence of E2 (10 nM) or
MPA (1 nM). The activity (A) and protein content (B) of LPL secreted into the medium were measured
by radio enzyme assay and western blot. Data were shown as mean + SE. The data were analyzed by
one-way ANOVA with Tukey’s multiple comparison test. (n=6) not significant (ns; P > 0.05), *P < 0.05
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Figure 29. Effects of Ca’* chelator on stimulatory secretion of LPL by palbociclib. FM3A cells were
incubated for 60 min with or without palbociclib (1 uM) under the pretreatment of BAPTA-AM for 20
min. The activity (A) and protein content (B) of LPL secreted into the medium were measured by radio
enzyme assay and western blot. Data were shown as mean + SE. Significant differences were compared
to untreated BAPTA-AM and determined by one-way ANOVA with Dunnett’s multiple comparison test.
(n=6) *P < 0.05
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Figure 30. Effects of CaMKK inhibitor on stimulatory secretion of LPL by palbociclib. FM3A cells
were incubated for 60 min with or without palbociclib (1 pM) under the pretreatment of STO-609 for
20 min. The activity (A) and protein content (B) of LPL secreted into the medium were measured by
radio enzyme assay and western blot. Data were shown as mean + SE. Significant differences were
compared to untreated STO-609 and determined by one-way ANOVA with Dunnett’s multiple
comparison test. (n=6) *P <0.05
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Figure 31. Effects of AMPK knock-down on stimulatory secretion of LPL by palbociclib. FM3A
cells were transfected with AMPK siRNA and control siRNA. AMPK knock-down cells were incubated
for 60 min with or without palbociclib (1 uM). AMPK expression was measured by western blotting.
AMPKa/B-Actin ratio means fold change of AMPKa. to B-actin ratio normalized to control siRNA (A).
The activity (B) and protein content (C) of LPL secreted into the medium were measured by radio
enzyme assay and western blot. Data were shown as mean + SE. The data were analyzed by Student’s
t-test. (n=4) not significant (ns; P > 0.05)
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FAf EE

CDK ic X 2 lRERH OZBIARSZHS 2 Tlde v, £ 2 TAIFFE T CDK i< X 2 i5E
H O DT UHIE, BT v REEBHEIRE O 7 FEREHEICH Y S hTw 5 CDK4/6
FHEAI VRS 7 ) 7% HwT, I LPL 3 et 3 2 2 Lic i H LIRET L 72, S RIAW 72
~ 7 ZFE FMBA filgic s \»WC, ARy 27 ) 7 X 3 LPL /0 iMeEEA (Fig. 25A-D) K
OHIRENAEE 0 ERIEM (Fig. 24C) 23580 bz, A2k, Mo fEo—o L L TRED
HREINAZET 505 [83], LA L7t & 2 IR E o ER L AEHIAE o B0l I HRfERE 0 7T
LRI ICE S L Cw b L olmELH O, EillloENEZ R EE0—>TH 5
[84-87], ¥R+ 7 V) 7T X 3 LPL /b hinc 5 I58& o BRI 23672 & 117z (Fig. 26C)
Zehb, ZOREOEHERMEINC XY EROUEBIRIco )Ny v e, FEHl oA Z 5]
i C FAMREE AR IE X Tz,

LPL 7yt —>o & LT, B 1 BRUH 2 Hicidd L7z Xk 9 ic, E2 LU MPA Itk %
LPL #EMAL1Z mTORC2 ITHKF L TWB T LR & NIz, £ T TRV 7Y 71tk % LPL
i & mTORC2 DB 51 DWW CRHEA 2 F v CRET L 7228 S v R 7 ) 7 X 5 LPL
el mTORC2 IR L e Z &R &7z (Fig.27), SO e boiLR Ry 7 ) 7ick
% LPL 57tk |Z E2 © MPA L1387 2 #E8&0 5 L T3 Z & 25RB I 7z, LPL 73
fRAERERE I DV CiE Ca* BBIR L T\ % L D235 2 (78], % 2 THE L offilaN e 75
NG LTw3 Ca v 7 F ) v 7 RICER LIRET L 72, #MIldA Ca? % L — & — (BAPTA-
AM) K U* CaMKK FHEA] (STO-609) 1 X - T LPL 43ib 23 il & v7= (Fig. 29A, B) (Fig.
30A,B) Zi 26, MAN Ca* OZEBICEZIED B 2 RIKOMEGAE 2 LN B,

AMPK iZfildN = AV F—BD v ¥ —& L CTHEAKH ZH-TWE, ZALF—FD
KT (AMP/ATP odgEhn) i< X v Gtk h, =¥ —@EATT#EICBIG L Twd 2 v
28 DFBBI L EMAL I X 0 . MBEN T AL ¥ — OEEER 5 T\ 5[88], AEAfEE
#ick B TR AMPK o%E L LT, 7F L CoA ALK F I —+ (Acetyl-CoA
Carboxylase : ACC) @ U v #Eflic X 2 NaHfilE & p o 3l b O BEE L D TUHEAIHN & 41T > 5 [89],
% 72 AMPK 3 fiffliic 13 3 LPL % v~ 7 A ORE, Ofic s 5 LPL OMifafErssT
~BG LT3 L OWED H5[90,91], LA LAarsEiiitics it s AMPK & U K& vo<
7 ER#E DBERIIREAHTH B, AR 27 ) 7L AMPK & OBfRICOWTIZ, AR
> 7 ) 7 AMPKa® ) vER{L%ZTUET 5 & DA H v [92]. FM3A fiidicsnwTd ) v
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Bt Ut R b7z (Fig. 23C), % 2 CAMPKa% / v 7 &% v L7z 3UEMifE % i L 7-
LA, SRy 2 ) I X B LPL i ostiEsE S iz b o 7 (Fig. 31A-C), T b DfER

5 CDKA4/6 FHEAAAFy 2 ) 710 &k 3 LPL S b fE i i M py Ca2 i hmic 4 5
CaMKK-AMPK &K DIEHELICIRIE L T % 2 L AR E Nz,
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e

AW ClIF v v ZEERGEAETH 5~ v A7 FM3A #ildxz v, Fsiigo
LPL 73 BEtE o flt % 17 - 72,

%5 1 &l MPA 2 X 3 LPL {EMALEERE 1 O W TRbT L 72, FM3A #flilic MPA % i
L, AR (20nM LAT) i3 \WCHilb LPL DG LARD b7z, cAMP 8132 <5
e (3 43LAN) T LEF L. PKA FHERITH % H-89 I & - T LPL OiEMHAL 23] & 417z,
MAPK i Ic 2w b R c oG L 235329 & v, MEK, ERK, p38 ®BHEHRIT MPA I
X % LPL i&ME L 23 & 7=, mTORC1/2 DFHEIC X - T LPL OiGHAL 33 & - 23,
mTORC1 ® A DOHETIIIHI S 722> 272, £ Z T, mTORC2 DREKEFHETH % Rictor &
J v 2 X v L7Aliigic MPA Z@shn L7223, LPL oiEE(LIZERo o e o7z, TNHD
FEE 5, MPA I X % LPL i M{utf% 12 mPRs %/ L 72 cAMP & B onicff: > PKA @
EMEAL, Zhicki < MAPK-mTORC2 R OIEMELITRIFL T3 2 L B2 ICh 572,

95 2 #Cl3 E21C X 3 LPL iEMALERE i o W Ci#iT L 72, E2 i3\ T % LPL gL
Jlefec dh, ZoFL LT GPER %4 L7z cAMP &8It 5> PKA ot LR
MAPK, PI3K fi NI mTORC2 4+ L7z b D72 L L ic e 572, 2D X 5 i E21C X 3 LPL
ARSI (KR MPA 1 X 2 LPL iEHEALBERS & JEELL T 7228, cAMP SRR O
MAPK &1 b5 ok PISK OB 5- 7 &, —HR 4 2 RICH RIS N7z, SR ID
SR 7R AT S B E E BE 2 b B,

# 3 E Tlt CDK4/6 I X 3 LPL 73 ibdftibkss % v & v ZEKGIEFURIREEECH 5 %
NRY 7Y TERCTHIT Lz, VRS 27 ) 7k % LPL it i fiiaA Ca? % L —
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Figure 32. Secretion mechanisms of LPL in mouse mammary tumor FM3A cells.
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